We compared the assemblages of phyllostomid bats in three Neotropical rainforests with respect to species richness and assemblage structure and suggested a method to validate estimates of species richness for Neotropical bat assemblages based on mist-netting data. The fully inventoried bat assemblage at La Selva Biological Station (LS, 100 m elevation) in Costa Rica was used as a reference site to evaluate seven estimators of species richness. The Jackknife 2 method agreed best with the known bat species richness and thus was used to extrapolate species richness for an Amazonian bat assemblage (Tiputini Biodiversity Station; TBS, 200 m elevation) and an Andean premontane bat assemblage (Podocarpus National Park; BOM, 1000 m elevation) in Ecuador. Our results suggest that more than 100 bat species occur sympatrically at TBS and about 50 bat species coexist at BOM. TBS harbours one of the most species-rich bat assemblages known, including a highly diverse phyllostomid assemblage. Furthermore, we related assemblage structure to large-scale geographical patterns in floral diversity obtained from botanical literature. Assemblage structure of these three phyllostomid assemblages was influenced by differences in floral diversity at the three sites. At the Andean site, where understorey shrubs and epiphytes exhibit the highest diversity, the phyllostomid assemblage is mainly composed of understorey frugivores and nectarivorous species. By contrast, canopy frugivores are most abundant at the Amazonian site, coinciding with the high abundance of canopy fruiting trees. Assemblage patterns of other taxonomic groups also may reflect the geographical distribution patterns of floral elements in the Andean and Amazonian regions.
INTRODUCTION
Bats are the second largest order of mammals and are especially diverse in tropical regions. Inventory data of Neotropical mammal assemblages (sensu Fauth et al., 1996) indicate that bats contribute between 40 and 60% of the total species richness (Brosset & Charles-Dominique, 1990; Timm, 1994; Voss & Emmons, 1996; Reid, Engstrom & Lim, 2000; Simmons & Voss, 1998; Aguirre, 2002; LaVal & Rodríguez, 2002; Lim & Engstrom, 2005) . However, it remains unclear how many species actually coexist in these species-rich assemblages, because existing inventories are mostly incomplete (Voss & Emmons, 1996) .
Many researchers have been intrigued by the large number of species that coexist in the Neotropics. Several studies have been conducted on bat assemblages in the Amazonian basin, where species richness is expected to be highest (Patterson, Willig & Stevens, 2003) . Based on geographical range data, Voss & Emmons (1996) estimated that between 90 and 110 bat species might occur sympatrically in some Amazonian bat assemblages, yet this estimate has not been confirmed with capture data. Our study was designed to inventory the poorly studied bat fauna in eastern Amazonia and, in particular, to establish a method by which species richness of phyllostomid bat assemblages could be compared using a standardized mist-netting protocol and equal capture effort. Previous studies have used various estimation methods (e.g. Reid, Engstrom & Lim, 2000; Sampaio et al., 2003; Barnett et al., 2006; Delaval, Henry & Charles-Dominique, 2005; Kingston, in press), although none was validated for sampling protocol.
In addition to species richness, we investigated the diversity within bat assemblages and evenness of abundance distribution among species. Our study focused on bats of the family Phyllostomidae, because this family accounts for 60-70% of the bat species in Neotropical bat assemblages (Brosset & CharlesDominique, 1990; Simmons & Voss, 1998; Reid et al., 2000; LaVal & Rodriguez, 2002; Lim & Engstrom, 2005) and forms local assemblages of higher species richness than any other mammalian family.
Many studies have shown that assemblages are not random aggregations of species, but rather are influenced by different factors operating simultaneously on assemblage structure (see Belyea & Lancaster, 1999 for a review; Gotelli & McCabe, 2002; Feeley, 2003) . In our study, we hypothesized that the geographical pattern of floral elements should have a pronounced effect on the species composition of phyllostomid bat assemblages. Neotropical rainforest floras are characterized by two major floral radiations: the appearance of understorey shrubs and epiphytes in the Andes and the radiation of canopy fruiting trees in the Amazon basin (Gentry, 1982; Primack & Corlett, 2005) . In view of differences in floral elements between our two Ecuadorian study sites, the Bombuscaro River in the Podocarpus National Park (BOM) on the Andean slope and Tiputini Biodiversity Station (TBS) in the Amazon basin, we expected differences in ensemble composition between the sites. We predicted a high abundance and diversity of understorey-foraging species, such as Sturnira sp. and other small stenodermatines (understorey Solanaceae specialists), and species of the subfamily Carolliinae (understorey piper specialists) and nectarivorous species (Glossophaginae) that feed on the flowers of epiphytes at our Andean site (BOM), because these floral elements dominate plant assemblages in the Andes (Gentry, 1982) . Canopy-foraging species, however, should be rare or absent at BOM. At the Amazonian site (TBS), we expected the opposite pattern: canopy-foraging species such as Phyllostomus and larger Artibeus species should be most prevalent, as canopy trees dominate the Amazon region (Gentry, 1982) , and thus understorey frugivores such as small stenodermatine and carolliine species should contribute a smaller proportion to the assemblage compared with the Andean site. At La Selva (LS), our Central American site, canopy trees are less dominant than at TBS, but are more so than at BOM (Hammel, 1990) . Thus, we predict fewer canopy frugivores at LS than at TBS and more than at BOM, whereas just the opposite would be expected for understorey frugivores.
MATERIAL AND METHODS

STUDY AREAS
Bats were captured at the La Selva Biological Station (LS, 10°25′52′N, 84°00′12′W), in Costa Rica, the Tiputini Biodiversity Station (TBS, 0°38.31′S, 76°8.92′W) and the Bombuscaro River in the Podocarpus National Park (BOM, 4°1′S, 79°1′W) in Ecuador. La Selva is located on the east-facing slope of the central Cordillera in the Caribbean lowland of Costa Rica at an elevation of 30-100 m above sea level. This protected forest covers 1600 ha, including about 600 ha of old growth forest, which is connected to the Braulio Carillo National Park (46 000 ha). Forest cover ranges from primary premontane forest, to primary terra firme and seasonally flooded forest (varzea), secondary forest, areas of different successional stages and abandoned plantations with adjacent pasture (Hartshorn & Hammel, 1994) . Monthly rainfall averages 333 mm, with a drier period from February through April and rainfall peaks (more than 400 mm per month) from June to July and from November to December (Sanford et al., 1994) .
TBS is located in the lowland Amazon rainforest of the Orellana Province in eastern Ecuador. The station is situated at the border of the Yasuní Biosphere Reserve. The 1.5 million ha of primary rainforest surrounding the station consist of terra firme forest, varzea forest, palm swamps, small oxbow lakes and streams at an elevation of 190-270 m above sea level (Kreft et al., 2004) . Monthly precipitation ranges between 50 and 650 mm, with heaviest rainfall from May to August and a dry period from December to April (TBS weather station).
BOM is located in the Zamora-Chinchipe Province on the eastern slope of the Andean mountains of southern Ecuador and the adjacent Podocarpus National Park covers 146 200 ha. The study area is situated on the eastern border of the park along the Bombuscaro River, at elevations between 900 and 1200 m above sea level. The forest cover is dominated by lower montane, broad-leaf vegetation (Bussmann, 2001 ) on slopes ranging from 40°up to 60°that consist largely of old growth forest and areas with different stages of succession that followed landslides and is adjacent to pastureland. The average monthly rainfall varies between 150 and 200 mm without a pronounced dry season (Emck, 2005 Kingston (in press) .
At each site we arbitrarily selected 10 one-hectare plots within an area enclosed by a radius of 1.5 km along existing trail systems. Plots were consistent for all field seasons and were selected to include all land-cover types and elevations (terra firme, varzea, slopes, etc.) within primary or old secondary forest, in order to obtain a representative sample of the local phyllostomid assemblage.
Bats were captured using nylon and polyester mistnets (ground nets: 70 denier/2-ply, 16 mm mesh, 5 shelves; R. Vohwinkel, Velbert, Germany; canopy nets: CAN-BH9 nylon mist-nets, 50 denier/2-ply, 38 mm mesh, 9 shelves; Avinet, Dryden NY, USA). Mist-nets were placed along trails or across creeks to maximize capture success (Kunz, Richards & Tidemann, 1996; Schulze, Seavy & Whitacre, 2000) , but also off trails in the open understorey. For each mist-netting event, we set a total length of 36 m of nets from ground to 2.5 m height (e.g. two 9 m nets and three 6 m nets) as well as one 9 m high, 3 m wide vertical canopy or subcanopy net. Canopy nets were hoisted on a single line placed over large branches of canopy trees (Munn, 1991; Kunz et al., 1996) , between 10 and 40 m height. Nets were opened shortly before dusk and closed at dawn and checked every 15 min. When heavy rain precluded mist-netting, we resumed our efforts on one of the following nights at the same site, starting at the time when nets had been closed the night before. In autumn 2004 and spring 2005, mist-netting effort for each study plot averaged 3.5 nights at LS, 3.8 nights at TBS and 4 nights at BOM. In spring 2004, we also mist-netted from 18.00 to 22.00 h on 53 nights at TBS. Bats were identified according to Timm & LaVal (1998) and Baker (2002) for Costa Rican species and using several identification keys and taxonomic sources for Ecuadorian species (Albuja, 1999; Tirira, 1999; Muchhala, Mena & Albuja, 2005; Sánchez-Hernandez, RomeroAlmaraz & Schnell, 2005) . Artibeus planirostris was treated as distinct from Artibeus jamaicensis according to Lim et al. (2004) . Taxonomy for all other species was based on Simmons (2005) . Voucher specimens were collected for species that were difficult to identify or were considered new for each site (deposited in the American Museum of Natural History, New York), and from all other species we collected tissue samples for future DNA analysis (deposited in the DNA laboratory at Boston University). Each bat was banded with a numbered, coloured plastic split ring band (A.C. Hughes Ltd, London, UK) on the forearm to avoid sampling the same individual twice (Kunz et al., 1996) All bats were processed shortly after capture and released as soon as possible at the site of capture.
ESTIMATING SPECIES RICHNESS
One goal of this study was to develop a valid method to estimate species richness for phyllostomid bat assemblages based on mist-netting data. We computed estimates of species richness based on our capture data using various models [Chao 1, Chao 2, Jackknife 1 (Jack 1), Jackknife 2 (Jack 2), ACE, ICE and Bootstrap] from the program EstimateS (Colwell, 2005) for all three study sites. For details about the mathematical models underlying species richness estimation models see Chao (1984) , Colwell & Coddington (1994) and Zahl (1977) . Our estimates were based on abundance data, random shuffling among samples and averaging over 200 iterations. Estimates were restricted to species belonging to members of the family Phyllostomidae, because our sampling efforts were most reliable for this group (Kunz & Kurta, 1988; Kunz et al., 1996) . To correct for differences in sampling effort, all calculations were based on the same number of sampling events (i.e. 35 full nights). Using the same sampling method and capture effort for all study sites, we obtained comparable datasets and thus were able to validate the estimators of species richness. We used the bat assemblage from LS, which we considered to represent a completely inventoried fauna based on decades of mist-netting (e.g. LaVal & Fitch, 1977; Timm, 1994; Tschapka, 1998; Baker, 2002; LaVal & Rodriguez, 2002) as a reference site and further tested which estimator corresponded best with the species richness recorded from actual inventory studies. These results were then applied to our data from the two Ecuadorian bat assemblages. The level of completeness for our capture data was calculated based on an estimate of species richness using Jackknife 2 and corrected for estimation bias based on the empirical results determined for the reference site (LS).
DIVERSITY COMPARISON
The diversity of the phyllostomid bat assemblages at each study site was compared using two diversity indices based on our capture data. The reciprocal form of the Simpson index (1/D) (Simpson, 1949 ) is considered to be a robust measure of diversity (May, 1975; Lande, DeVries & Walla, 2000; Magurran, 2004 ) and thus we calculated this index for each dataset.
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In addition, we calculated the Shannon-Wiener index (H) (Shannon & Weaver, 1949) , as this index, although often questioned (Lande, 1996; Southwood & Henderson, 2000; Magurran, 2004) , has been used by many previous authors, which makes it possible to compare our results with previously published studies (e.g. LaVal & Fitch, 1977; Aguirre, 2002) .
Evenness of each assemblage was calculated using indices derived from the reciprocal Simpson index (E 1/D) (Smith & Wilson, 1996) and the ShannonWiener index (EH) (Pielou, 1969 (Pielou, , 1975 , respectively, where evenness is expressed as a number between 0 (only one species present) and 1 (all species equally abundant).
All indices were corrected for sampling bias using the jackknife technique (Magurran, 2004) and confidence intervals (CI) were computed accordingly.
Taxonomic diversity was calculated for each phyllostomid assemblage using Warwick and Clarck's taxonomic distinctness measure (Warwick & Clarck, 1995 . Average phylogenetic distance (AvPD) between two randomly chosen species was measured based on presence-absence data and average taxonomic distance (AvTD) between two randomly chosen individuals was calculated based on abundance data. The phylogenetic distance between species and genus, genus and subfamily, and subfamily and family where equally weighted (= 1) (e.g. the distance of two species of the same genus equals 1, of the same subfamily 2 and of different subfamilies equals 3). Average phylogenetic distance (AvPD) has a minimal value of one, when two species belong to the same genus, whereas AvTD has a minimal value of zero, when two individuals belong to the same species.
ASSEMBLAGE STRUCTURE
We assigned species to the following ensembles (i.e. group of species feeding on the same type of food in a similar manner, sensu Fauth et al., 1996) : nectarivores (Glossophaginae), understorey carolliine frugivores, understorey stenodermatine frugivores, canopy foraging frugivores (large Stenodermatinae and Phyllostomus sp.), insectivores, carnivores and sanguinivores. We chose this classification based on the assumption that species assigned to the same ensemble would compete more with each other than with species from other ensembles (Wilson, 2001) . Each species was assigned to an ensemble based on dietary information in Gardner (1976) , Bonaccorso (1978) and Kalko, Handley & Handley (1996) . Abundance data of Desmodus rotundus at BOM were excluded from the calculation, as its unusually high abundance at this site is most likely influenced by proximity to pastures.
STATISTICS
Species richness of the sites was compared by calculating a rarefaction null model using the software EcoSim (Gotelli & Entsminger, 2001) . A Bonferroni correction was applied by calculating the 98.3% CI, because we compared three different sites. Rank abundance curves for each study site were tested for similarity with a Kolmogorov-Smirnov two-sample test (Sokal & Rohlf, 1995) . Slopes of the rank abundance plots were compared by a Kaplan-Meier analysis using SPSS (1998) . A general linear model was calculated using SPSS (1998) to test for differences in average taxonomic distances between the three study sites (fixed factor: sites). To test the hypothesis that understorey frugivores were more frequently captured at BOM, while canopy frugivores were more frequently captured at TBS, we compared proportionalities of each ensemble between sites with Fisher's exact test, using the software GraphPad InStat3 (1998). If not otherwise stated, data are presented as means ± 95% CIs and all statistical tests were twotailed, with an accepted significance level of P = 0.05.
RESULTS
ESTIMATION OF SPECIES RICHNESS
We captured 1752 individual bats at all sites (568 individuals at LS, 895 at TBS and 289 BOM). Ninety species were identified (40 species at LS, 58 species at TBS and 30 species at BOM), many of which co-occurred at two or all three sites (Table 1) . We report a new record of a bat species for Ecuador, Lophostoma carrikeri, which was captured at both Ecuadorian study sites in October 2004 and again at BOM in April 2005. The individual L. carrikeri captured at TBS in October 2004 and the one captured at BOM in April 2005 were pregnant females, whereas the individual captured at BOM in October 2004 was a male. Out of 1752 individual bats recorded for all sites, 1670 belonged to one of the 68 species of phyllostomids. Thirty-one species were captured at LS, 46 species were recorded at TBS and 22 species at BOM. Thus, phyllostomids accounted for 95% of all individuals and 74% of the species in our combined dataset. Recaptures were not included in this count.
The current inventory of bats at LS includes a total of 50 phyllostomid species based on long-term studies (Appendix). We did not identify additional species during our study and thus consider this inventory as stable. All estimators underestimated species richness to various degrees (Fig. 1) . Jackknife 2 yielded an estimate of 39 species and agreed best with the known inventory at LS, but less than the recorded species richness by 22%, although this method theoretically corrects for underestimation (Colwell & THREE NEOTROPICAL BAT ASSEMBLAGES 621 Coddington, 1994) . Estimates of total species richness of the phyllostomid assemblages at TBS and at BOM using Jackknife 2 yielded 58 coexisting species of phyllostomids at TBS and 25 coexisting species of phyllostomids at BOM. Assuming that Jackknife 2 correctly estimated species richness, the level of completeness would be 79% for our capture data at TBS and LS and 88% for BOM. However, if Jackknife 2 underestimates species richness of the Ecuadorian assemblages to the same degree as it does for LS, the number of expected phyllostomid species would be 72 at TBS and 31 at BOM. Based on these estimates and the known species richness at LS, our capture data encompass only 62% of the phyllostomid species at LS, 64% at TBS and 71% at BOM. Mist-netting efforts in spring 2004 were excluded from this and subsequent calculations to base all comparisons on equal sampling efforts.
DIVERSITY COMPARISON
Species richness differed significantly between TBS, LS and BOM and was highest at TBS and lowest at BOM (Fig. 2) . In autumn 2004 and spring 2005, we captured 571 phyllostomids of 44 species at TBS. Rarefying the TBS capture data to the number of individuals captured at BOM (267) results in an expected number of 37 ± 4.8 species for TBS. As only 22 phyllostomids were captured at BOM, the species richness at this site is significantly lower than at TBS at the 98.3% CI. The rarefaction of LS capture data to the number of individuals captured at BOM yielded an expected number of 27 ± 3.6 species at LS. The observed number of species at BOM is significantly lower than at LS. The rarefaction of TBS data to the LS sample yields 44 ± 1 expected species, which exceeds the observed number of 31 species at LS. Rank abundance plots of phyllostomids at TBS, LS and BOM indicate a trend towards higher evenness of species distribution in assemblages with higher species richness (Fig. 3) . However, only the rank abundance curves of TBS and BOM differed significantly (Kolmogorov-Smirnov two-sample test, TBS-BOM: D = 389, P < 0.05, TBS-LS: D = 278, P > 0.05; LS-BOM: D = 235, P > 0.05), whereas the slope of these curves did not differ significantly (KaplanMeier test, P > 0.05 for all comparisons). For the phyllostomid assemblage at our three study sites, the Shannon-Wiener indices (H) calculated on the basis of our capture data were 2.68 at LS (± 0.15), 3.04 at TBS (± 0.17) and 1.98 at BOM (± 0.36) (Fig. 4A) . Simpson indices yielded similar results, equalling 11.6 ± 1.9 for LS, 14.2 ± 3.8 for TBS and 3.8 ± 1.6 for BOM (Fig. 4A) . Both indices were significantly different between all sites at the 95% CI, indicating the highest at TBS and lowest at BOM.
Evenness calculated using the Shannon-Wiener index revealed high values for all three phyllostomid assemblages: 0.77 ± 0.05 for LS, 0.81 ± 0.05 for TBS and 0.64 ± 0.09 for BOM. Confidence intervals of the Shannon evenness indices for TBS and BOM, as well as LS and BOM, did not overlap, whereas those for TBS and LS overlapped to the extent of including both mean values. Evenness at TBS and LS can thus be considered significantly higher than at BOM, whereas there was no significant difference of Shannon evenness between TBS and LS. Estimates of evenness calculated using the Simpson index indicate markedly lower evenness values in all assemblages compared with those derived from estimates using the Shannon index: 0.36 ± 0.06 for LS, 0.32 ± 0.08 for TBS and 0.17 ± 0.07 for BOM (Fig. 4B) . Differences between TBS and BOM, as well as LS and BOM, were significant, whereas TBS and LS do not differ significantly in their Simpson evenness indices. In summary, all diversity indices and evenness values were significantly higher at TBS and LS than at BOM, whereas TBS showed a significantly higher diversity than LS in both Shannon-Wiener and Simpson diversity indices, but was not significantly different from LS in any evenness measure (Fig.  4A, B) . In addition to diversity measures that focused on species richness and evenness, we compared taxonomic distinctness within the phyllostomid assemblages and found no significant differences among the study sites (GLM, Tukey test, F = 1.07, P = 0.35) (Fig. 4C) . Sixty-four species representing five subfamilies (Carolliinae, Desmodontinae, Glossophaginae, Phyllostominae and Stenodermatinae) and 27 genera (Table 1) were captured in this study. Although the numbers of species (sp.), genera (gen.) and subfamilies (subf.) represented in our samples differed between sites (LS: 31 sp., 19 gen., 5 subf., TBS: 44 sp., 23 gen., 5 subf., BOM: 22 sp., 11 gen., 5 subf.; Fig. 4D ), all three sites showed high taxonomic diversity for the family Phyllostomidae. The average phylogenetic path length between two species was 2.59 for LS, 2.65 for TBS and 2.51 for BOM. The average taxonomic distinctness was 2.62 for LS, 2.58 for TBS and 2.64 for BOM.
ASSEMBLAGE STRUCTURE
All assemblages were comprised of the same seven ensembles (Fig. 5) . When all assemblages were considered, they differed highly significantly from an equal distribution of individuals among ensembles (c 2 -test: TBS c 2 = 629, LS c 2 = 429, BOM c 2 = 411; P < 0.001 at all sites).
Concurring with our predictions based on floral diversity patterns, canopy frugivores were significantly more abundant at the Amazonian site (TBS), whereas understorey frugivores dominated the Andean assemblage (BOM) (Fisher's exact test, P < 0.0001 for both comparisons). However, we found no significant difference between canopy (Fisher's exact test, P = 0.48) and understorey species (Fisher's exact test, P = 0.27) for presence-absence data. LS supported significantly more understorey species than BOM (Fisher's exact test, P < 0.05), but did not differ significantly in frequency of understorey species from TBS. When abundance data were considered, understorey species were significantly more abundant at LS than at TBS (Fisher's exact test, P < 0.0001) and significantly less abundant at LS than at BOM THREE NEOTROPICAL BAT ASSEMBLAGES 623 (Fisher's exact test, P < 0.0001). The opposite is true for canopy species that were significantly more abundant at TBS than at LS (Fisher's exact test, P < 0.0001) and significantly less abundant at BOM than at LS (Fisher's exact test, P < 0.0001). For presence-absence data, we found no difference in the frequency of canopy species between LS and at either of the Ecuadorian sites (Fisher's exact test, LS-TBS: P = 1.0; LS-BOM: P = 0.45).
DISCUSSION ESTIMATING SPECIES RICHNESS
Measuring the maximum number of coexisting bats in Neotropical rainforests would ideally be achieved using a complete inventory of the bat faunas -a very daunting task. Most often the number of coexisting species is extrapolated based on constrained data sets (e.g. Reid et al., 2000; Barnett et al., 2006) . We present a modelling approach to achieve more reliable estimates of species richness for bat assemblages in the Neotropics. Several models were suggested and evaluated for estimating species richness (Zahl, 1977; Heltshe & Forrester, 1983; Chao, 1984; Baltanás, 1992; Chao, 1992; Colwell & Coddington, 1994; Brose, Martinez & Williams, 2003; Brose & Martinez, 2004) .
However, as noted by Bunge & Fitzpatrick (1993) , no single applicable estimate is appropriate for all field protocols or all taxonomic groups and it is thus difficult to judge whether an estimate yields realistic results (see also Kingston, in press) . Unless sample coverage is high (above 90%), estimators are likely to underestimate true species richness (Brose, Martinez & Williams, 2003; Brose & Martinez, 2004) . The most reliable approach is to sample an assemblage with known species richness and use it as a reference for testing different estimation methods (Baltanás, 1992; Colwell & Coddington, 1994) . By sampling the phyllostomid bat assemblage at LS in Costa Rica, where the number of species is known based on long-term inventory studies (LaVal & Fitch, 1977; Timm, 1994; Tschapka, 1998; Baker, 2002; LaVal & Rodriguez, 2002) and consecutive comparisons of estimators with empirical data (Fig. 1) , we evaluated several estimators of species richness. As expected, the Jackknife 2 estimator yielded the best fit, because this method corrects best for underestimation (Zahl, 1977; Heltshe & Forrester, 1983) . The Jackknife 2 estimator would also be optimal according to the selection path estimator suggested by Brose et al. (2003) and Brose & Martinez (2004) . The Jackknife 2 method generally underestimates true species richness by 10% (Baltanás, 1992) . However, for the phyllostomid assemblage at LS, we found an even stronger underestimation of about 20%. This result suggests that there may be many rare species in this assemblage. The assemblages at our two Ecuadorian sites should be similar to the one at LS, as the rank-abundance plots and evenness of abundance distribution do not differ significantly from those at LS and all sites have the same number of ensembles. The capture of rare species, and even a new record for the Ecuadorian fauna (Lophostoma carrikeri), suggests an equally large portion of rare species at all sites. Thus, we consider our data for the three assemblages sufficiently similar to allow extrapolation of the results for the reference site LS to the Ecuadorian assemblages. As the Jackknife 2 estimation agreed best with our data for LS, we chose this index to estimate species richness for the Ecuadorian sites, which resulted in an estimate of 58 phyllostomid species at TBS and 31 species at BOM. Because bats were sampled with identical sampling protocols at our three study sites, we have assumed that our estimate calculated using the Jackknife 2 method underestimates true species richness for the Ecuadorian sites to the same degree as it underestimates species richness at LS. If we add the missing 20% to the values, this yields an estimate of 72 phyllostomid species for TBS and 31 species for BOM. Previous inventories suggest that phyllostomids contribute 60-70% to the total number of bat species in Neotropical rainforest assemblages (Brosset & Charles-Dominique, 1990; Voss & Emmons, 1996; Simmons & Voss, 1998; Reid et al., 2000; Aguirre, 2002; LaVal & Rodriguez, 2002; Lim & Engstrom, 2005) . Based on this assumption, the total species richness of the bat assemblage at BOM should approach 50 species. Using the same rationale, we predicted that TBS should have more than 100 sympatric bat species, an extraordinary species richness for any mammalian assemblage. Even among Amazonian rainforest sites, where previous inventory studies also reported a high bat species richness (Bernard, 2001; Bernard, Albernaz & Magnusson, 2001; Lim & Engstrom, 2005; Barnett et al., 2006) , the estimated species richness at TBS is among the highest reported to date. Sampaio et al. (2003) estimated 117 bat species on a regional scale for the Amazon Basin, while our data suggest a similar species number on a local scale in the Yasuní area. Voss & Emmons (1996) suggested that 90-110 sympatric bat species might coexist in some Amazonian rainforest assemblages and our results support this estimate, based on the analysis of our data from Ecuador. As bat species richness is higher in Neotropical rainforests than in the Palaeotropics (Kingston et al., 2003) , TBS and the adjacent Yasuni National Park is likely to support one of the most species-rich bat assemblages in the world.
DIVERSITY COMPARISON
Among our study sites, TBS has the highest species richness, with 46 captured and 72 estimated phyllostomid species. Our results support the finding of Patterson, Willig & Stevens (2003) that bat assemblages at the same elevation increase in species richness with decreasing latitude and further suggest a maximum number of over 100 bat species that coexist in a Neotropical assemblage. At LS, where 50 species of phyllostomids are known to occur (LaVal & Fitch, 1977; Timm, 1994; Tschapka, 1998; Baker, 2002; LaVal & Rodriguez, 2002; Appendix) , and with 31 captured during our study, it seems clear that species richness is lower than at TBS, but higher than at BOM.
When comparing Shannon and Simpson indices for evenness for our study sites, we did not detect any significant differences between LS and TBS. This finding is consistent with that of Patterson et al. (2003) , who were unable to detect a significant relation between latitude and evenness or species abundance. Diversity indices represent a combined measure of species richness and evenness. Overall, the diversity of phyllostomid assemblages is high at all three of our study sites, even when limited capture data and not the total species richness are considered, whether inventoried or estimated. A comparison with other assemblages is difficult, because diversity indices in other studies have typically been calculated for entire bat assemblages rather then exclusively for phyllostomids and sampling methods vary considerably in their relative capture success (Kingston, in press ). The highest Shannon-Wiener diversity index for a bat assemblage (including all bat families) is known from the Espíritu Wildlife Refuge, a savanna ecosystem in Bolivia (H = 2.88; Aguirre, 2002) and for La Selva, Costa Rica (H = 2.85; LaVal & Fitch, 1977) . For the phyllostomid assemblage at TBS, we calculated a Shannon-Wiener diversity of H = 3.04, which exceeds our calculation for the phyllostomids at LS (H = 2.68). Although several diversity indices have been calculated from our existing data, our inventory work remains incomplete and thus we expect the true diversity to be still higher than reported in the present study. Because phyllostomids represent the predominant family at all sites, the bat assemblage at TBS should have the highest measured ShannonWiener diversity compared with all previously investigated bat assemblages. All three study sites are inhabited by rare or endangered species, such as Artibeus concolor (red list of Ecuador) or Lophostoma carrikeri (first record for Ecuador). During the course of our study, we also collected a specimen of an undescribed species of Peropteryx as well as Choeroniscus at TBS for taxonomic analysis. The high taxonomic diversity at all sites underlines the importance of those assemblages for the conservation of phyllostomid diversity in the study area. Further inventory effort is urgently needed at all Ecuadorian study sites, as anthropogenic changes may soon have an adverse effect on the local bat assemblages.
ASSEMBLAGE STRUCTURE
Linking the diversity of floral elements in the habitat to species composition of the bat assemblage is a new approach. When comparing the number of species at our study sites, we found that all three assemblages were proportionately similar in their ensembles (Fig. 5A) . When abundance data were included, however, species composition of the phyllostomid assemblages at TBS and BOM differed significantly in their distribution and mirrored the composition of the local plant assemblages (Fig. 5B) . When considered together, species of the subfamily Stenodermatinae (mainly Sturnira), Carolliinae and Glossophaginae that forage in the understorey, represented 73% of the species and 95% of the individuals captured at BOM (Fig. 5B) , whereas Phyllostomus was absent and only three individuals of two larger Artibeus species have been captured at this site. In agreement with our hypothesis, canopy foraging species such as large stenodermatine species and Phyllostomus species were most prevalent in the assemblage at TBS, representing 48% of the individuals captured. The understorey was apportioned by Carolliinae (20% of the individuals) and Stenodermatinae (9% of the individuals; Fig. 5B ). The phyllostomid assemblage at LS appears to be intermediate between the Andean (BOM) and Amazonian (TBS) assemblage, as it does not differ significantly in the distribution of individuals among ensembles from any of the Ecuadorian sites. Canopy foraging species at LS are significantly less abundant than at TBS but more abundant than at BOM. The opposite is true for understorey species that were less abundant at LS than at BOM and more so than at TBS. The same pattern is found for floral elements at LS (Hammel, 1990) . Understorey plants are more diverse at LS than at TBS, but less so than at BOM, whereas canopy trees are less abundant than at TBS and more abundant than at BOM.
Relationships between floral diversity and species composition of phyllostomid bats supports our hypothesis that geographical patterns of resource diversity is an important factor in shaping the structure of bat assemblages. Similarly, the diversity of other taxonomic groups might also reflect geographical differences in floral elements between the Andes and the Amazonian basin.
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